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Specification 

Thermoelectric-Conversion Element 
5 Technical Field 

This invention relates to a thermoelectric-conversion element and its manufacturing method. 

Thermoelectric-conversion elements which make use of Seebeck effect have been attracting 
attention and developed as means for generating electricity by converting heat discharge from 
engines, incinerators, etc. into electricity. 
10 The generating capacity Z of such a thermoelectric-conversion element is given by the 

expression below: 

Z-S 2 <j/ 
Z ~ /k 

where S is the Seebeck coefficient; a, electric conductivity (S/cm); k, thermal conductivity 
(W/cmk). 

15 Accordingly, the generating capacity Z of such a thermoelectric-conversion element can be 

raised by (i) raising the Seebeck coefficient S 9 (ii) shortening the path of electricity, and (iii) 
increasing the temperature difference between the hot and cold junctions. 

The present invention relates to a thermoelectric-conversion element with a large generating 
capacity and its manufacturing method. 

20 

Background Art 

Fig. 10 shows a conventional thermoelectric-conversion module 100 comprising a plurality of 
thermoelectric-conversion elements 110. As shown in Fig. 10 (C), each thermoelectric-conversion 
element 110 comprises an n-type semiconductor 102, a p-type semiconductor 103, and conductors 

25 104 and 105. When temperature difference occurs between the junctions of the semiconductors 
102/103 and the conductor 104 and the junctions of the semiconductors 102/103 and the conductor 
105, potential difference occurs between the former junctions and the latter junctions. 

Because the electromotive force of one thermoelectric-conversion element 110 is small, a 
plurality of thermoelectric-conversion elements 110 are connected in series to form the 

30 thermoelectric-conversion module 100 as shown in Fig. 10 (B). The n-type and p-type 
semiconductors 102 and 103 of each thermoelectric-conversion element 110 are connected to the 
p-type semiconductor 103 of another thermoelectric-conversion element 110 and the n-type 
semiconductor 102 of yet another thermoelectric-conversion element 110, respectively. As shown 
in Fig. 10 (A), electric insulators 106 and 107 are put on the conductors 104 and 105. When one of 

35 the electric insulators 106 and 107 is heated or cooled, potential differences occur between the 
conductors 104 and the conductors 105. Accordingly, electric power can be extracted from the 
thermoelectric-conversion module 100 through electrodes 101 and 101 shown in Fig. 10 (B). 

However, the n-type and p-type semiconductors 102 and 103 of the conventional 
thermoelectric-conversion module 100 have to be joined one by one to conductors 104 and 105 with 
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solder, requiring many working steps and thereby making it difficult to put the 
thermoelectric-conversion module 100 to practical use. 

Besides, the capacity of the thermoelectric-conversion element 110 is in proportion to the 
electric conductivity of the n-type and p-type semiconductors 102 and 103; therefore, if the 
5 thickness of the n-type and p-type semiconductors 102 and 103 is reduced to raise their conductivity, 
the generating capacity of the thermoelectric-conversion element 110 can be raised. However, it is 
difficult to manufacture thin semiconductors, whose strength is small; therefore, they are liable to 
be damaged when they are joined to conductors such as conductors 104 and 105 with solder. 

The Japanese Unexamined Patent Publication No. 1989-183863 addresses the above problems. 

10 Fig. 11 shows the thermoelectric-conversion element 130 of the prior art. Fig 11 (A) shows a stack 
120 of thin-plate-like semiconductive green bodies 121, thin-plate-like non-conductive green bodies 
124 with thin-plate-like conductors 123, and thin-plate-like semiconductive green bodies 122. The 
stack 120 is sintered and, thereby, the semiconductors 131 and 132 and the insulators 134 are joined 
together. Thus, it is unnecessary to join the semiconductors 131 and 132 one by one to the 

15 conductors 133 with solder. On the other hand, a step of stacking thin-plate-like semiconductive 
green bodies 121, thin-plate-like non-conductive green bodies 124 with thin-plate-like conductors 
123, and thin-plate-like semiconductive green bodies 122 is necessary. Therefore, the necessary 
man-hours can not be reduced very much. 

Besides, the green bodies 121, 124, and 122 are thin and fragile and therefore are liable to be 

20 damaged when they are stacked. 

Moreover, because electricity flows in a longitudinal direction of each of the thin-plate-like 
semiconductors 131 and 132, the path of electricity in each of the thin-plate-like semiconductors 
131 and 132 is considerably long. Therefore, the electric conductivity of each of the thin-plate-like 
semiconductors 131 and 132 is considerably low and hence the generating capacity of the 

25 thermoelectric-conversion element 130 is low. If the paths of electricity in the thin-plate-like 
semiconductors 131 and 132 are shortened, the thickness of the thermoelectric-conversion element 
130 (the distance between the electric insulators "W" and "W") is reduced. Thus, the strength of the 
thermoelectric-conversion element 130 is reduced, too. 

As described above, the above prior art fails to give the thermoelectric-conversion element 130 

30 both high physical strength and large generating capacity. 

Disclosure of Invention 

Accordingly, an object of the present invention is to provide a thermoelectric-conversion 
element whose physical strength is high, whose generating capacity is large, whose probability of 
35 being damaged during its manufacturing process is low, and whose manufacture requires a 
relatively small number of man-hours. Another object of the present invention is to provide a 
method of manufacturing the thermoelectric-conversion element. 

According to the first feature of the present invention, there is provided a 
thermoelectric-conversion element comprising (i) an n-type member which includes a conductive 
40 tubular member having a channel in it and an n-type semiconductive layer formed on the outside of 
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the conductive tubular member, (ii) a p-type member which includes a conductive tubular member 
having a channel in it and a p-type semiconductive layer formed on the outside of the conductive 
tubular member, and (iii) a connector which electrically connects the conductive tubular member of 
the n-type member and the conductive tubular member of the p-type member. 
5 The advantage offered by the first feature of the present invention is as follows. When hot or 

cold fluid is run through the channels, temperature difference occurs between the hot and cold 
junctions of the n-type and p-type members and, hence, potential difference occurs between the hot 
and cold junctions of the n-type and p-type members. Accordingly, electric power can be extracted 
from the thermoelectric-conversion element. Besides, because hot or cold fluid is run through the 

10 channels, the conductive tubular members are efficiently heated or cooled; accordingly, large 
temperature difference is created between the hot and cold junctions and, hence, the generating 
capacity of the thermoelectric-conversion element is large. If the length of the n-type and p-type 
members is increased, the areas of the n-type and p-type semiconductive layers increase; therefore, 
the generating capacity of the thermoelectric-conversion element increases. Moreover, if the 

15 thickness of the n-type and p-type semiconductive layers is decreased, the paths of electricity in the 
n-type and p-type semiconductive layers are shortened and, hence, the electric conductivity of the 
n-type and p-type semiconductive layers increases; therefore, the generating capacity of the 
thermoelectric-conversion element increases. Furthermore, because the conductive tubular members 
bear the force working on the n-type and p-type semiconductive layers, the physical strength of the 

20 thermoelectric-conversion element is high. 

According to the second feature of the present invention, there is provided a 
thermoelectric-conversion module comprising a plurality of thermoelectric-conversion elements 
according to the first feature connected in series. The n-type and p-type semiconductive layers of 
each thermoelectric-conversion element are connected to the p-type semiconductive layer of 

25 another thermoelectric-conversion element and the n-type semiconductive layer of yet another 
thermoelectric-conversion element, respectively. 

The advantage offered by the second feature of the present invention is as follows. Because a 
plurality of thermoelectric-conversion elements are connected in series to form a module, a large 
electric power can be extracted from the module. 

30 According to the third feature of the present invention, there is provided a 

thermoelectric-conversion element comprising (i) an n-type member which includes a conductive 
tubular member having a channel in it and an n-type semiconductive layer formed on the outside of 
the conductive tubular member, (ii) a p-type member which includes a conductive tubular member 
having a channel in it and a p-type semiconductive layer formed on the outside of the conductive 

35 tubular member, and (iii) a connector which electrically connects the n-type semiconductive layer 
and the p-type semiconductive layer. 

The advantage offered by the third feature of the present invention is as follows. When hot or 
cold fluid is run through the channels, temperature difference occurs between the hot and cold 
junctions of the n-type and p-type members and, hence, potential difference occurs between the hot 

40 and cold junctions of the n-type and p-type members. Accordingly, electric power can be extracted 
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from the thermoelectric-conversion element. Besides, because hot or cold fluid is run through the 
channels, the conductive tubular members are efficiently heated or cooled; accordingly, large 
temperature difference is created between the hot and cold junctions and, hence, the generating 
capacity of the thermoelectric-conversion element is large. If the length of the n-type and p-type 
5 members is increased, the areas of the n-type and p-type semiconductive layers increase; therefore, 
the generating capacity of the thermoelectric-conversion element increases. Moreover, if the 
thickness of the n-type and p-type semiconductive layers is decreased, the paths of electricity in the 
n-type and p-type semiconductive layers are shortened and, hence, the electric conductivity of the 
n-type and p-type semiconductive layers increases; therefore, the generating capacity of the 

10 thermoelectric-conversion element increases. Furthermore, because the conductive tubular members 
bear the force working on the n-type and p-type semiconductive layers, the physical strength of the 
thermoelectric-conversion element is high. 

According to the fourth feature of the present invention, there is provided a 
thermoelectric-conversion module comprising a plurality of thermoelectric-conversion elements 

15 according to the third feature connected in series. The conductive tubular member of the n-type 
member and the conductive tubular member of the p-type member of each 
thermoelectric-conversion element are connected to the conductive tubular member of the p-type 
member of another thermoelectric-conversion element and the conductive tubular member of the 
n-type member of yet another thermoelectric-conversion element, respectively. 

20 The advantage offered by the fourth feature of the present invention is as follows. Because a 

plurality of thermoelectric-conversion elements are connected in series to form a module, a large 
electric power can be extracted from the module. 

According to the fifth feature of the present invention, there is provided the 
thermoelectric-conversion element according to the first, second, third, or fourth feature, wherein a 

25 conductive layer is formed on each of the n-type and p-type semiconductive layers. 

The advantage offered by the fifth feature of the present invention is as follows. Because 
electricity flows perpendicularly to the longitudinal center axis of the conductive tubular member of 
each of the n-type and p-type members, the paths of electricity in the n-type and p-type 
semiconductive layers are short. Besides, because the conductive layers bear the force working on 

30 the n-type and p-type semiconductive layers, the physical strength of the thermoelectric-conversion 
element is large. 

According to the sixth feature of the present invention, there is provided a 
thermoelectric-conversion element comprising (i) a conductive tubular member having a channel in 
it, (ii) an n-type semiconductive layer formed on one half of the outer surface of the conductive 
35 tubular member when the outer surface is divided into two along the longitudinal center axis of the 
conductive tubular member, and (iii) a p-type semiconductive layer formed on the other half of the 
outer surface of the conductive tubular member. The n-type and p-type semiconductive layers are 
connected by the conductive tubular member. 

The advantage offered by the sixth feature of the present invention is as follows. When hot or 
40 cold fluid is run through the channel, temperature difference occurs between the hot and cold 
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junctions and, hence, potential difference occurs between the hot and cold junctions. Accordingly, 
electric power can be extracted from the thermoelectric-conversion element. Besides, because hot or 
cold fluid is run through the channel, the conductive tubular member is efficiently heated or cooled; 
accordingly, large temperature difference is created between the hot and cold junctions and, hence, 
5 the generating capacity of the thermoelectric-conversion element is large. If the length of the 
conductive tubular member and the n-type and p-type semiconductive layers is increased, the areas 
of the n-type and p-type semiconductive layers increase; therefore, the generating capacity of the 
thermoelectric-conversion element increases. Moreover, if the thickness of the n-type and p-type 
semiconductive layers is decreased, the paths of electricity in the n-type and p-type semiconductive 
. 10 layers are shortened and, hence, the electric conductivity of the n-type and p-type semiconductive 
layers increases; therefore, the generating capacity of the thermoelectric-conversion element 
increases. Furthermore, because the conductive tubular member bears the force working on the 
n-type and p-type semiconductive layers, the physical strength of the thermoelectric-conversion 
element is high. 

15 According to the seventh feature of the present invention, there is provided a 

thermoelectric-conversion module comprising a plurality of thermoelectric-conversion elements 
according to the sixth feature connected in series. The n-type and p-type semiconductive layers of 
each thermoelectric-conversion element are connected to the p-type semiconductive layer of 
another thermoelectric-conversion element and the n-type semiconductive layer of yet another 

20 thermoelectric-conversion element, respectively. 

The advantage offered by the seventh feature of the present invention is as follows. Because a 
plurality of thermoelectric-conversion elements are connected in series to form a module, a large 
electric power can be extracted from the module. 

According to the eighth feature of the present invention, there is provided a method of 

25 manufacturing a thermoelectric-conversion element, comprising the steps of (i) forming an n-type 
body including a conductive tubular member having a channel in it and an n-type semiconductive 
layer formed on the outside of the conductive tubular member and a p-type body including a 
conductive tubular member having a channel in it and a p-type semiconductive layer formed on the 
outside of the conductive tubular member, (ii) sintering the n-type and p-type bodies, and (iii) 

30 connecting the n-type and p-type bodies in series by a conductor. 

The advantage offered by the eighth feature of the present invention is as follows. Just by 
sintering each of the n-type and p-type bodies, the conductive tubular member and the 
semiconductive layer are made as a single unit, requiring no particular step of joining them together. 
Thus, the number of steps of the process of making the thermoelectric-conversion element is held 

35 down. 

According to the ninth feature of the present invention, there is provided the method according 
to the eighth feature, wherein a conductive layer is formed on the semiconductive layer of each of 
the sintered n-type and p-type bodies before the sintered n-type and p-type bodies are connected in 
series by a conductor. 

40 The advantage offered by the ninth feature of the present invention is as follows. Because 
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electricity flows perpendicularly to the longitudinal center axis of the conductive tubular member of 
each of the n-type and p-type bodies, the paths of electricity in the n-type and p-type 
semiconductive layers are short. Besides, because the conductive layers bear the force working on 
the n-type and p-type semiconductive layers, the physical strength of the thermoelectric-conversion 
5 element is large. 

According to the tenth feature of the present invention, there is provided the method according 
to the eighth or ninth feature, wherein each of the n-type and p-type bodies is formed by extruding a 
conductive tubular member and a fluid semiconductive material simultaneously from a single die. 

The advantage offered by the tenth feature of the present invention is as follows. Because the 
10 semiconductive layer of each of the n-type and p-type bodies is formed on the outside of the 
conductive tubular member of said body, the semiconductive layer is supported by the conductive 
tubular member; accordingly, if the semiconductive layer is relatively thin, it is prevented from 
breaking while it is being formed. Thus, the thermoelectric-conversion element is manufactured 
efficiently. 

15 According to the eleventh feature of the present invention, there is provided the method 

according to the eighth of ninth feature, wherein each of the n-type and p-type bodies is formed by 
extruding a fluid conductive material and a fluid semiconductive material simultaneously from a 
single die. 

The advantage offered by the eleventh feature of the present invention is as follows. Because 
20 both the conductive tubular member and the semiconductive layer of each of the n-type and p-type 
bodies are formed out of fluid materials, the n-type and p-type bodies can be given various shapes. 
Thus, the thermoelectric-conversion element can be given various shapes. 

Brief Description of Drawings 
25 Fig. 1 is a schematic perspective view of an embodiment of thermoelectric-conversion module 

of the present invention. 

Fig. 2 is a schematic front view of the thermoelectric-conversion module of Fig. 1. 
Fig. 3 (A) is a schematic front view of another embodiment of thermoelectric-conversion 
element of the present invention. Fig. 3 (B) is a schematic front view of a thermoelectric-conversion 
30 module including two units of the thermoelectric-conversion element of Fig. 3 (A). 

Fig. 4 (A) is a schematic front view of yet another embodiment of thermoelectric-conversion 
element of the present invention. Fig. 4 (B) is a schematic front view of a thermoelectric-conversion 
module including two units of the thermoelectric-conversion element of Fig. 4 (A). 

Fig. 5 (A) is an illustration of a conductive tubular member-cum-semiconductive layer in 
35 process. Fig. 5 (B) is a flowchart of making the n-type and p-type members of Figs. 1 and 2 out of 
the conductive tubular member-cum-semiconductive layer in process of Fig. 5 (A). 

Fig. 6 is a schematic illustration of a die to form the conductive tubular 
member-cum-semiconductive layer of Fig. 5 (A). 

Fig. 7 is a schematic illustration of a die to form another conductive tubular 
40 member-cum-semiconductive layer, out of which the thermoelectric-conversion element of Fig. 4 
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(A) is made. 

Fig. 8 is a schematic illustration of a die to form yet another conductive tubular 
member-cum-semiconductive layer in accordance with the present invention. 

Fig. 9 is a schematic illustration of a die to form a further conductive tubular 
5 member-cum-semiconductive layer in accordance with the present invention. 

Fig. 10 is a schematic illustration of a thermoelectric-conversion module according to prior art. 
Fig. 1 1 is a schematic illustration of a thermoelectric-conversion element according to prior art. 

Best Mode for carrying out the Invention 

10 By referring to the drawings, a preferred embodiment of thermoelectric-conversion element of 

the present invention will be described below. 

The thermoelectric-conversion element of the present invention converts thermal energy into 
electric energy through Seebeck effect. The electricity-generating efficiency of the 
thermoelectric-conversion element is raised by providing channels through which cooling or 

15 heating fluid flows. Besides, the manufacturing efficiency of the thermoelectric-conversion element 
and modules each of which comprises a plurality of thermoelectric-conversion elements of the 
present invention is high. 

Fig. 1 is a schematic perspective view of a thermoelectric-conversion module "M" which 
comprises two thermoelectric-conversion elements 1 and 1 of the present invention. Fig. 2 is a 

20 schematic front view of the thermoelectric-conversion module "M" of Fig. 1. In Figs. 1 and 2, the 
reference numeral 10 is an n-type member of a thermoelectric-conversion element 1. The n-type 
member 10 comprises a conductive tubular member 11, an n-type semiconductive layer 12, and a 
conductive layer 13. The cross section of the conductive tubular member 11 is circular. The 
reference sign 1 lh is a channel which is a through hole made in the conductive tubular member 1 1 

25 and through which fluid flows. The n-type semiconductive layer 12 is formed on the outside of the 
conductive tubular member 11. The conductive layer 13 is formed on the n-type semiconductive 
layer 12 by, for example, metalization. 

The conductive tubular member 11 is made of a material of high thermal and electric 
conductivity such as copper or platinum, or ceramic into which silicon carbide or carbon is 

30 dispersed to give electric conductivity. The n-type semiconductive layer 12 is made of an n-type 
semiconductive material such as bismuth telluride or lead telluride or an oxide, for example, 
sodium-cobalt oxide (NaCo20 4 ). The conductive layer 13 is made of nickel or copper alloy. 

The reference numeral 20 is a p-type member of a thermoelectric-conversion element 1. The 
p-type member 20 is the same as the n-type member 10 except that its semiconductive layer 22 is of 

35 a p-type semiconductive material. 

The n-type and p-type members 10 and 20 of each thermoelectric-conversion element 1 are 
disposed in parallel with each other, and the n-type and p-type semiconductive layers 12 and 22 are 
connected by a connector 2 through the conductive layers 13 and 23. The connector 2 is made of a 
material of high electric conductivity such as copper or platinum, or a heat-resisting material such 

40 as chromium or molybdenum alloy. 
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Accordingly, when hot or cold fluid is run through the channels llh and 21h in the conductive 
tubular members 11 and 21 of each thermoelectric-conversion element 1, the conductive tubular 
members 11 and 21 are heated or cooled; accordingly, potential difference occurs between the hot 
junctions and cold junctions in accordance with the temperature difference between the hot 
5 junctions and cold junctions. Thus, electric power can be extracted from each 
thermoelectric-conversion element 1 . 

Because heating or cooling fluid flows through the channels llh and 21h in the conductive 
tubular members 11 and 21 of the thermoelectric-conversion element 1, the conductive tubular 
members 11 and 21 are heated or cooled efficiently, creating large temperature difference between 

10 the hot junctions and cold junctions. Accordingly, the generating capacity of 
thermoelectric-conversion element 1 is large. 

For example, if the outer surface of the thermoelectric-conversion element 1 is put in contact 
with a wall surface of an industrial furnace or an engine housing or the like and cooling water is run 
through the channels llh and 21h, large temperature difference between the hot and cold junctions 

15 can be achieved. Thus, a large generating capacity can be achieved. 

If a material generating heat is a liquid or gas, the material may be run along the outside of the 
thermoelectric-conversion element 1 to heat the outside or the material may be run through the 
channels llh and 21h to heat the inside of the thermoelectric-conversion element 1. In either case, 
large temperature difference between the hot and cold junctions can be achieved. Thus, a large 

20 generating capacity can be achieved. 

If the n-type and p-type members 10 and 20 of the thermoelectric-conversion element 1 are 
made longer, the areas of outsides of conductive tubular members 11 and 21 and the areas of the 
conductive layers 13 and 23 become larger; accordingly, a large electric current is obtained. If the 
areas of outsides of conductive tubular members 1 1 and 21 and the areas of the conductive layers 13 

25 and 23 are large enough, the electric resistance does not increase if the n-type and p-type 
semiconductive layers 12 and 22 are made thin. Thus, because the paths of electricity through the 
n-type and p-type semiconductive layers 12 and 13 can be made short without increasing the 
electric resistance, the generating capacity of the thermoelectric-conversion element 1 can be 
further increased. If the n-type and p-type semiconductive layers 12 and 22 are made thin, their 

30 strength is reduced. However, the conductive tubular members 1 1 and 21 bear the force working on 
the n-type and p-type semiconductive layers 12 and 22. Therefore, if the n-type and p-type 
semiconductive layers 12 and 22 are exposed to external force, they will not be damaged easily. 
Thus, the strength of the thermoelectric-conversion element 1 is large. 

The conductive layers 13 and 23 are dispensable. However, if they are provided, they can be 

35 designed so that they will bear the force working on the n-type and p-type semiconductive layers 12 
and 22. Besides, if they are provided, electricity flows through the n-type and p-type 
semiconductive layers 12 and 22 in directions perpendicular to the longitudinal center axes of the 
conductive tubular members 1 1 and 21. Thus, the paths of electricity through the n-type and p-type 
semiconductive layers 12 and 13 are short and, hence, the generating efficiency of the 

40 thermoelectric-conversion element 1 is high. When the two thermoelectric-conversion elements 1 



and 1 are connected by a conductor 5 as show in Figs. 1 and 2, electricity flows through the n-type 
and p-type semiconductive layers 12 and 22 in radial directions to and from the conductive layers 
13 and 23 and the conductor 5; therefore, the electric resistance between the semiconductive layers 
12 and 22 and the conductor 5 is relatively small. 
5 As shown in Figs. 1 and 2, the conductor 5 made of a material of high electric conductivity such 

as copper or platinum connects the conductive tubular member 21 of the p-type member 20 of a 
thermoelectric-conversion element 1 and the conductive tubular member 1 1 of the n-type member 
10 of the other thermoelectric-conversion element 1. Thus, the two thermoelectric-conversion 
elements 1 and 1 of the thermoelectric-conversion module "M" are connected in series. By 

10 connecting several thermoelectric-conversion elements 1 in series to make a module, several times 
the electric power of a single thermoelectric-conversion element 1 can be obtained. 

The conductive tubular members 11 and 21 of each thermoelectric-conversion element 1 of the 
thermoelectric-conversion module "M" of Figs. 1 and 2 may be connected by a connector 2. In this 
case, the p-type semiconductive layer 22 of a thermoelectric-conversion element 1 and the n-type 

15 semiconductive layer 12 of the other thermoelectric-conversion element 1 are connected by a 
conductor 5. Thus, a thermoelectric-conversion module "M" consisting of two 
thermoelectric-conversion elements 1 and 1 connected in series is made. 

The cross section of each of the conductive tubular members 11 and 22 of the 
thermoelectric-conversion element 1 may be square, hexagonal or in any other shape. Besides, the 

20 conductive tubular members 1 1 and 21 and the channels 1 lh and 21h may be bent as long as fluid 
can be run through the channels 1 lh and 21 h. 

Moreover, the n-type and p-type members 10 and 20 of the thermoelectric-conversion element 1 
may be disposed not in parallel with each other, but at an angle with each other as long as the 
conductive tubular members 11 and 21 are electrically connected or the n-type and p-type 

25 semiconductive layers 12 and 22 are electrically connected. 

Furthermore, although the connectors 2 shown in Figs. 1 and 2 are in the shape of a plate, they 
may be in any shapes as long as they can connect the n-type members 10 and the p-type members 
20 electrically. 

If conductive layers 13 and 23 are provided on the n-type and p-type semiconductive layers 12 
30 and 22 of the thermoelectric-conversion element 1, the conductive layers 13 and 23 may be 
connected by the connector 2. 

Fig. 3 (A) shows another embodiment 1 of thermoelectric-conversion element of the present 
invention. The thermoelectric-conversion element 1 comprises an n-type member 10 and a p-type 
member 20. The n-type member 10 includes a conductive tubular member 11 and an n-type 
35 semiconductive layer 12, and the p-type member 20 includes a conductive tubular member 21 and a 
p-type semiconductive layer 22. The n-type and p-type members 10 and 20 and an insulating layer 6 
therebetween are brought together to form a single unit, and a connector 2 is formed on the outside 
of the single unit. Then, as shown in Fig. 3 (B), the conductive tubular member 21 of the p-type 
member 20 of a thermoelectric-conversion element 1 and the conductive tubular member 1 1 of the 
40 n-type member 10 of another thermoelectric-conversion element 1 are connected by a conductor 5 
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to form a thermoelectric-conversion module "M." 
The connector 2 may be formed by metalization. 

Fig. 4 (A) shows still another embodiment IB of thermoelectric-conversion element of the 
present invention. The thermoelectric-conversion element IB comprises a single conductive tubular 
5 member 1 1 made of a material of high thermal and electric conductivity, an n-type semiconductive 
layer 12, a p-type semiconductive layer 22, and two insulating layers 6 and 6. Formed in the 
conductive tubular member 1 1 is a channel through which hot or cold fluid is run. The n-type and 
p-type semiconductive layers 12 and 22 are formed in parallel with each other, along the 
longitudinal axis of the conductive tubular member 11, on the outside of the conductive tubular 
10 member 11. The two insulating layers 6 and 6 are put between the n-type and p-type 
semiconductive layers 12 and 22 to prevent them from coning into direct electric contact with each 
other. 

Accordingly, the n-type and p-type semiconductive layers 12 and 22 are not in direct electric 
contact with each other, but are connected by or through the single conductive tubular member 1 1 . 
15 When hot or cold fluid is run through the channel 1 lh, potential difference occurs between the hot 
and cold junctions in accordance with the temperature difference between the hot and cold 
conjunctions. 

The insulating layers 6 and 6 are dispensable, but if they are provided, the vanishment of 
electrons and holes at the contact surfaces between the n-type and p-type semiconductive layers 12 

20 and 22 is prevented; accordingly, the electricity-generating efficiency of the 
thermoelectric-conversion element IB is high. 

Then, as shown in Fig. 4 (B), the p-type semiconductive layer 22of a thermoelectric-conversion 
element IB and the n-type semiconductive layer 12 of another thermoelectric-conversion element 
IB are connected by a conductor 5 to form a thermoelectric-conversion module "M." 

25 Next, the method of making the thermoelectric-conversion element 1 will be described. 

Fig. 5 (A) is an illustration of a conductive tubular member-cum-semiconductive layer 50 in 
process. Fig. 5 (B) is a flowchart of making the n-type and p-type members of Figs. 1 and 2 out of 
the conductive tubular member-cum-semiconductive layer 50 in process of Fig. 5 (A). 

As shown in Fig. 5 (A), the conductive tubular member-cum-semiconductive layer 50 in process 

30 includes (i) a conductive tubular member 51 of a material of high thermal and electric conductivity, 
such as platinum, and (ii) a semiconductive layer 52 formed out of a semiconductive material "m" 
consisting of an n-type or p-type semiconductive material and an organic binder. The 
semiconductive layer 52 is formed on the outside of the conductive tubular member 5 1 by extrusion. 
The extrusion will be described later. 

35 As shown in Fig. 5 (B), the conductive tubular member-cum-semiconductive layer 50 is first 

heated to 400°C to 600°C to vaporize and remove the organic binder contained in the 
semiconductive layer 52 (binder-removing step). Next, the conductive tubular 
member-cum-semiconductive layer 50 is sintered at 1,000°C to 1,100°C (sintering step). Then, a 
conductive layer is formed on the outside of the semiconductive layer 52 by metalization or the like. 

40 Thus, n-type and p-type members 10 and 20 are made. 
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As described above, the conductive tubular member 51 and the semiconductive layer 52 can be 
made as a single unit just by extruding and sintering, requiring no particular step of joining them 
together. Thus, the number of steps of the process of making the thermoelectric-conversion element 
1 is held down. 

5 The conductive tubular member 51 may be made of a metal, such as, platinum, tungsten, 

molybdenum, nickel, or stainless steel, which is not oxidized at the temperature of sintering and 
whose thermal and electric conductivity is not affected by the sintering, or a nonmetallic material 
with high thermal and electric conductivity such as silicon carbide. The semiconductive material 
"m" may contain a water-soluble binder such as methyl cellulose instead of an organic binder. If the 
10 semiconductive material "m" contains a water-soluble binder, the semiconductive layer 52 is dried 
and, then, heated to remove the binder and sintered as described above. 

Next, the method of making the conductive tubular member-cum-semiconductive layer 50 will 
be described below. 

Oxides such as NaCo 2 0 4 is suitable as materials of n-type and p-type semiconductive layers 12 

15 and 22 of n-type and p-type members 10 and 20 of the thermoelectric-conversion element 1 because 
of their high Seebeck effect. On the other hand, such oxides are ceramic powder; therefore, it is 
difficult to form such oxides into desired shapes. By using the following method, however, the 
semiconductive layer 52 can be formed out of such oxides. 

Fig. 6 is a schematic illustration of a die to form the conductive tubular 

20 member-cum-semiconductive layer 50. The reference sign "D" is a die wherein the fluid 
semiconductive material "m" flows. Formed in the die "D" is a channel "Dh" through which the 
semiconductive material "m" flows. The reference sign "DA" is an exit. 

The reference numeral "PG" is a conductive-tubular-member guide, whose bottom is inside the 
die "D" and whose top is outside of the die "D." The conductive-tubular-member guide "PG" has a 

25 through hole "Gh." The conductive tubular member 51 is inserted into the through hole "Gh," its 
bottom protruding out of the exit "DA." 

Accordingly, when the semiconductive material "m," together with the conductive tubular 
member 51, is extruded from the exit "DA" of the die "D," the semiconductive layer 52 is formed 
on the outside of the conductive tubular member 51 as shown in Fig. 6 (B). 

30 Because the semiconductive layer 52 is formed on the outer surface of the conductive tubular 

member 51, the former is supported by the latter. Accordingly, the semiconductive layer 52 is 
prevented from breaking while it is being formed. Besides, if it is relatively thin, it is prevented 
from breaking. Thus, the n-type and p-type members 10 and 20 are made efficiently. 
Fig. 7 shows a die to make thermoelectric-conversion element IB of Fig. 4. 

35 In Fig. 7, the reference signs "D," "DA," "PG," "Dhl," and "Dh2" are a die, an exit of the die, a 

conductive-tubular-member guide, a channel for n-type semiconductive material "ml," and a 
channel for p-type semiconductive material "m2," respectively. As shown in Fig. 7 (A), disposed 
between the inside of the die "D" and the outside of the conductive-tubular-member guide "PG" are 
two pairs of partitions 53 to make the two channels "Dhl" and "Dh2" out of one in the die "D." The 

40 gap between the partitions of each pair is a channel "53h" for insulating material "m3." The 

11 



bottoms of the partitions 53 are disposed in the vicinity of the exit "DA." Thus, the two channels 
"Dhl" and "Dh2" join at the bottoms of the partitions 53. 

Accordingly, when the n-type semiconductive material "ml," p-type semiconductive material 
"m2," and insulating material "m3," together with the conductive tubular member 51, are extruded 
5 from the exit "DA," a p-type semiconductive layer 52a, an n-type semiconductive layer 52b, and 
two insulating layer 52c are formed, each insulating layer 52c caught between the p-type and n-type 
semiconductive layers 52a and 52b, as shown in Fig. 7 (C). 

As mentioned earlier, the insulating layers 52c are dispensable; therefore, the channels "53h" 
for insulating material "m3" are dispensable, as shown in Fig. 8. 
10 Fig. 9 shows a die "D" to form both the conductive tubular member 51 and the semiconductive 

layer 52 simultaneously. The die "D" of Fig. 9 is the same as the die "D" of Fig. 6 except that the 
latter die "D" has the conductive-tubular-member guide "PG," whereas the former die "D" has a 
conductive-tubular-member die "PG1." 

As shown in Fig. 9 (A), the conductive-tubular-member die "PG1" has a channel-forming 
15 member "CP," the channel being the channel llh or 21h shown in Fig. 2. The bottom of the 
channel- forming member "CP" is disposed at the bottom of the exit "DA." 

Accordingly, when a conductive material "dl" is extruded through the gap around the 
channel-forming member "CP" in the conductive-tubular-member die "PG1" and a semiconductive 
material "m" is extruded through the channel "Dh" of the die "D" simultaneously, the conductive 
20 tubular member 51 and the semiconductive layer 52 are formed simultaneously. 

Besides, both the conductive tubular member 51 and the semiconductive layer 52 are formed 
out of fluid materials, the conductive tubular member-cum-semiconductive layer 50 can be given 
various shapes. Thus, the thermoelectric-conversion element 1 can be given various shapes. If the 
conductive tubular member-cum-semiconductive layer 50 is bent before it solidifies and, then, 
25 sintered, curved n-type and p-type members 10 and 20 can be made. 

Moreover, a baffle member "S" may be provided as a support to hold the channel-forming 
member "CP" in the conductive-tubular-member die M PG1." If vertical through holes are made 
evenly in the baffle member "S," the conductive material "dl" flows evenly through the 
conductive-tubular-member die "PG1"; therefore, homogeneous conductive tubular members 51 are 
30 made. 

If the sintering temperature of the conductive material "dl" is about the same as that of the 
semiconductive material "m," the conductive tubular member 51 and the semiconductive layer 52 
can be sintered almost simultaneously. 

35 Industrial Applicability 

The thermoelectric-conversion element of the present invention makes use of Seebeck effect to 
generate electricity by converting heat from various heat sources, such as walls of industrial 
furnaces, engine housings, industrial cooling water, cooling waters of engines, exhaust gas from 
chimneys and engines, etc., into electricity. 
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